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Summary
Background Innovative GLP-1 receptor agonist (GLP-1RA)-based treatment strategies—such as tirzepatide, GLP-1RA plus
basal insulin fixed-ratio combinations [FRC], GLP-1RA plus sodium glucose cotransporter-2 inhibitors [SGLT-2i]
combinations, and high-dose GLP-1RA—have been listed among the most efficacious options for type 2 diabetes
management. However, differences in their glucometabolic effects have not been assessed in dedicated head-to-head
trials. In the absence of such trials, we aimed to provide a useful comparison among these treatment strategies to
guide clinical practice.

Methods In this network meta-analysis, we searched PubMed, MEDLINE, and Web of Science (from database
inception to June 24, 2023) for randomised controlled studies, published in English, that enrolled individuals with
type 2 diabetes treated with tirzepatide, iGlarLixi, iDegLira, GLP-1RA plus SGLT-2i combination, or high-dose
GLP-1RA (dulaglutide 3 mg and 4.5 mg, semaglutide 2 mg) compared with placebo or active comparators. Eligible
studies reported change from baseline in HbA1c as an outcome, which was the primary outcome of this analysis.
Secondary outcomes were changes in fasting and post-prandial glucose, bodyweight, LDL-cholesterol, blood
pressure and risk of hypoglycaemia. We assessed risk of bias through the Cochrane Collaboration’s tool (RoB2
tool), publication bias through visual inspection of funnel plots and Egger’s test, and heterogeneity by comparing
the magnitude of the common between-study variance (τ2) for each outcome with empirical distributions of
heterogeneity variances. This network meta-analysis was registered in PROSPERO (CRD42022329878).

Findings 40 trials were included. Tirzepatide 15 mg ranked first in terms of HbA1c reduction compared to other GLP-
1RA-based strategies, even those including insulin (vs. iDegLira MD −0.40%, 95% CI [−0.66; −0.14], low certainty; vs.
iGlarLixi MD −0.48%, 95% CI [−0.75; −0.21], low certainty), without increasing the risk of hypoglycaemia (vs.
iDegLira OR 0.35, 95% CI [0.16; 0.79], high certainty; vs. iGlarLixi OR 0.31, 95% CI [0.20; 0.48], high certainty).
Tirzepatide 15 mg was also the most efficacious on weight lowering, even compared to high-dose GLP-1RA (eg,
semaglutide 2 mg MD −6.56 kg, 95% CI [−7.38; −5.73], low certainty) and GLP-1RA plus SGLT-2i combination
(MD −4.61 kg, 95% CI [−5.29; −3.93], low certainty). Risk of bias and publication bias were generally low
throughout studies, while high levels of heterogeneity were detected for most outcomes.

Interpretation Aiming to support clinicians in tailoring treatment to patients’ needs, we suggest that a hierarchy among
treatment strategies be devised considering the best options for type 2 diabetes. Tirzepatide, followed by GLP-1RA plus
Abbreviations: BIAsp30, Biphasic insulin aspart 30/70; BID, Bis in die; BMI, Body mass index; BW, Body weight; CI, Confidence interval; DBP,
Diastolic blood pressure; FPG, Fasting plasma glucose; GLP-1 RA, Glucagon-like peptide-1 receptor agonists; iAsp, insulin aspart; iDeg, insulin
degludec; iDegLira, insulin degludec/liraglutide; iGlar, insulin glargine; iGlarLixi, insulin glargine/lixisenatide; LDL-c, Low-density lipoprotein
cholesterol; MD, Mean difference; NA, Not available; OR, Odds ratio; OAD, Oral anti-diabetes drug; PPG, Post-prandial glucose; RCT, Randoized
controlled trial; SBP, Systolic blood pressure; SGLT2i, Sodium glucose cotransporter-2 inhibitors; SU, Sulfonylurea
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basal insulin FRC and GLP-1RA plus SGLT-2i combination, was associated with greater benefit on HbA1c than high-
dose GLP-1RA.
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of the National Recovery and Resilience Plan, Investment PE8—Project Age-It: Ageing Well in an Ageing Society.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We repeatedly searched PubMed until June 24, 2023, without
date or study duration restrictions. We did not find any
systematic review that compared new GLP-1 receptor agonist
(GLP-1RA)-based therapeutic strategies (ie, tirzepatide, GLP-
1RA plus basal insulin fixed-ratio combinations [FRC], GLP-
1RA plus sodium glucose cotransporter-2 inhibitors [SGLT-2i]
combination and high-dose GLP-1RA). Despite these
treatment strategies being regarded as among the most
efficacious options for diabetes management, the available
literature to date suggests that there are differences in
glucose lowering potential between them. In the absence of
head-to-head comparisons in the form of direct trials, we
aimed to conduct a network meta-analysis to provide a useful
comparison among these highly efficacious treatment
strategies to guide clinical practice.

Added value of this study
The present analysis found that tirzepatide 15 mg yielded
greater HbA1c and bodyweight lowering efficacy compared to
other GLP-1RA-based treatments, without increasing the risk
of serious adverse events and hypoglycaemia with respect to
placebo, nor of gastrointestinal side effects compared to GLP-
1RA plus SGLT-2i combination and high-dose GLP-1RA.
Moreover, GLP-1RA plus basal insulin FRC and tirzepatide
15 mg and 10 mg ranked higher in terms of fasting plasma
glucose (FPG) lowering, while iGlarLixi appeared as the most
efficacious in post-prandial glucose (PPG) lowering, followed
by GLP-1RA plus SGLT-2i combination and tirzepatide 15 mg.

Our analysis hinted that the effects of GLP-1RA plus basal
insulin FRC might match that of tirzepatide 15 mg in patients
with baseline diabetes duration above 10 years, suggesting
that tirzepatide could be preferentially considered for the
management of early stages of type 2 diabetes, to exploit its
unparalleled weight lowering effect that could be beneficial
for restoring insulin secretion and action, whereas GLP-1RA
plus basal insulin FRC could be considered as an equally
efficacious option in patients with longer disease duration. No
significant differences among these GLP-1RA-based
treatments were detected in terms of LDL cholesterol (LDL-c)
and systolic blood pressure (SBP) lowering.

Implications of all the available evidence
To our knowledge, this is the first time that these highly
efficacious treatment strategies of great relevance for clinical
practice have been compared with a rigorous methodology.
Our results are consistent with the mechanism of action of
investigated treatments and previous attempts of indirect
comparisons. The results of this analysis highlight the need
for further studies, preferentially randomised clinical trials, to
confirm the differences herein described, specifically
investigating whether GLP-1RA-based treatments could differ
in their effects on HbA1c, FPG and PPG considering patients’
characteristics such as diabetes duration and using
homogeneous assessment methods. Meanwhile, aiming to
support clinicians in tailoring treatment to patients’ needs, we
suggest a hierarchy among treatment strategies considered as
the best options for type 2 diabetes management.
Introduction
The prevalence of type 2 diabetes is increasing world-
wide,1 while the proportion of patients achieving gly-
caemic control is declining,2 posing a significant
medical, social and economic threat. In the last decade,
glucagon-like peptide-1 receptor agonists (GLP-1RA)
have become available for the treatment of type 2 dia-
betes, with clear evidence of improved glucose control,
weight loss, and cardiorenal protection.3,4 However,
despite a glucose-lowering potential similar to insulin,
treatment with GLP-1RA allows to achieve a target
HbA1c <7% in only 40–80% of patients, while no more
than 25% lose 10% of bodyweight (BW).5 Aiming to fill
in the gaps of traditional GLP-1RA therapy, new GLP-
1RA-based treatment strategies have been recently
developed to improve clinical outcomes and/or simplify
treatment regimens, including high-dose GLP-1RA,
combination of GLP-1RA with sodium glucose
cotransporter-2 inhibitors (SGLT-2i), fixed-ratio combi-
nations (FRC) of GLP-1RA with basal insulin, and dual
incretin receptor agonists. Predictably, high-dose GLP-
1RA have proven to be more efficacious than standard
dose GLP-1RA in achieving both glycaemic (mean
HbA1c reduction −2.2 to −1.87%) and weight targets
(mean BW reduction −6.9 to −5.0 kg).5–7 The combina-
tion of GLP-1RA and SGLT-2i has been associated with
www.thelancet.com Vol 64 October, 2023
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a greater reduction in HbA1c (up to −1.32%), BW (up
to −0.93 kg) and blood pressure compared to each drug
alone due to their complementary mechanisms of ac-
tion.8,9 Also, GLP-1RA and basal insulin FRC allowed to
achieve greater glycaemic control (mean HbA1c reduc-
tion −1.5 to −1.89%), exploiting the distinct effect of
their components on fasting and prandial glucose,
respectively, while reducing the risk of adverse events
such as hypoglycaemia, weight gain and gastrointestinal
disturbances and increasing adherence.10 Lastly, tirze-
patide, a dual GLP-1 and glucose-dependent insulino-
tropic polypeptide (GIP) receptor agonist, has been
recently introduced as a highly efficacious anti-diabetes
agent, with unprecedented glucose (mean HbA1c
reduction up to −2.59%) and weight lowering (mean BW
reduction up to −12.9 kg) effects.11 A deeper under-
standing of the multifactorial pathogenesis of type 2
diabetes12 supports the combination of therapeutic
agents to simultaneously address multiple mechanisms
promoting hyperglycaemia. This approach could likely
be beneficial in the management of diabetes cardio-
metabolic complication,13,14 even though further evi-
dence is needed.15

The American Diabetes Association (ADA) recom-
mendations encouraged a prompt intervention to ach-
ieve tailored glycaemic targets, listing these new GLP-
1RA-based treatments (tirzepatide, GLP-1RA plus
SGLT-2i, GLP-1RA plus basal insulin FRC, high-dose
GLP-1RA) among the strategies with greatest glucose-
lowering potential.16 Tirzepatide and semaglutide are
also the most effective drugs for weight management.16

Existing literature hints at differences among these
treatment options,5,9,10 however, in the absence of head-
to-head trials, it is unclear whether they should be
regarded as equally efficacious in obtaining glucometa-
bolic and weight control. This network meta-analysis
aims to compare for the first time the effects of tirze-
patide, GLP-1RA plus basal insulin FRC, GLP-1RA plus
SGLT-2i combination and high-dose GLP-1RA on
HbA1c and other glucose outcomes, as well as on
weight, blood pressure and lipids, in randomised
controlled trials (RCT) in people with type 2 diabetes, in
order to help physicians navigating within the multiple
highly efficacious GLP-1RA-based treatment options
currently available for clinical use.
Methods
The protocol for this network meta-analysis was regis-
tered in PROSPERO (CRD42022329878).

Data sources
We searched PubMed, including MEDLINE, and Web
of Science from inception to June 24th, 2023 (search
strings in Supplementary files). Corresponding Authors
were contacted in case of missing data for any of the
outcomes of interest.
www.thelancet.com Vol 64 October, 2023
Ethics approval
Analyses were performed on data extracted from pub-
lished papers. Patient consent for publication was not
required.

Study selection
We included RCT with a follow-up duration ranging
from a minimum of 12 weeks to a maximum of 78
weeks, published in English, enrolling individuals with
type 2 diabetes treated with tirzepatide or GLP-1RA plus
basal insulin FRC (iGlarLixi, iDegLira) or GLP-1RA plus
SGLT-2i combination or high-dose GLP-1RA (dulaglu-
tide 3 mg and 4.5 mg, semaglutide 2 mg) compared to
placebo or active comparators reporting change from
baseline in HbA1c. Of note, in the Asian population,
specifically tailored doses and dose-ratios of GLP-1RA
and GLP-1RA plus basal insulin FRC were included.

With the exception of high-dose GLP-1RA, which
were considered individually as dulaglutide 3 mg and
4.5 mg and semaglutide 2 mg, all compounds belonging
to the GLP-1RA and SGLT-2i drug classes were
considered altogether, GLP-1RA plus SGLT-2i combi-
nation therapy was considered as a group, and only RCT
evaluating the simultaneous initiation of these anti-
diabetes agents were included, excluding trials evalu-
ating add-on schemes; in case of trial arms with
different doses of GLP-1RA/SGLT2i in combination
treatment, we selected the arm with the higher doses of
each drug.

Extension studies were excluded. Animal studies,
trials conducted in non-diabetic individuals or people
with type 1 diabetes, prediabetes, gestational diabetes
were excluded.

The main outcome of interest was the mean differ-
ence in HbA1c change from baseline. If available, the
mean difference in change from baseline for fasting
blood glucose (FPG), post-prandial glucose (PPG), BW,
systolic (SBP) and diastolic blood pressure (DBP), LDL
cholesterol (LDL-c) levels and prevalence of hypo-
glycaemic events were also assessed as secondary out-
comes. The definition of a hypoglycaemic event was
heterogeneous across included studies; in the present
analysis we considered the prevalence of hypoglycaemic
events defined as blood glucose levels <70 mg/dL.

Data extraction
Study data were extracted independently by three re-
viewers (IC, LDG and SDM). Conflicts were settled by
debate, with the aid of another reviewer (FG). For RCT
evaluating two doses of the same compound belonging
to the class of SGLT-2i, the higher dose was consid-
ered. Data from intention to treat analyses were
selected; if unavailable, per protocol analyses were
considered. Mean change from baseline in HbA1c was
extracted from each RCT as primary outcome. Mean
changes from baseline in FPB, PPG, BW, SBP, DBP,
LDL-c and prevalence of hypoglycaemic events were
3
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also collected. Change from baseline was considered at
end of study. If standard deviation (SD) was missing
for a specific outcome, it was calculated from the
standard error (SE), by multiplying SE by the square
root of the sample size, or from the 95% confidence
interval (CI), by dividing the length of the CI by 3.92,
and then multiplying by the square root of the sample
size. When none of them was described, the largest SD
among the other studies was reported. If hypo-
glycaemia was expressed as Person-Years, the preva-
lence was calculated as (Person-Years * study duration
[years]/number of patients).

Risk of bias assessment
Risk of bias was assessed independently by two re-
viewers (IC, LDG) through the Cochrane Collaboration’s
tool (RoB2 tool) evaluating the following domains: ran-
domisation process; deviations from intended inter-
vention; missing outcome data; measurement of the
outcome; selection of the reported result; overall bias.
Each domain was deemed at low, with some concerns or
high risk of bias.

Statistical analysis
Pairwise meta-analyses were conducted for direct
comparisons. The transitivity assumption that a
network meta-analysis approach could be appropriate
was assessed by comparing the distribution of potential
effect modifiers across treatment comparisons (year of
publication of the study, sample size, study duration,
ethnicity, sex, BMI, duration of diabetes, age, baseline
HbA1c). Differences in BMI, duration of diabetes and
year of publication were found across trials, hence we
planned to conduct subgroup analyses for BMI and
duration of diabetes, while year of publication was not
taken into account due to statistically but not clinically
relevant differences. We subsequently performed fre-
quentist random effects network meta-analysis,17

calculating mean differences (MDs) and 95% confi-
dence intervals (CIs) for change in HbA1c, FPG, PPG,
BW, SBP, DBP and LDL-c, and odds ratios (ORs) and
95% CIs for the risk of hypoglycaemic events. We
assessed heterogeneity by comparing the magnitude of
the common between-study variance (τ2) for each
outcome with empirical distributions of heterogeneity
variances.18 We evaluated local consistency in networks
by comparing direct with indirect evidence19 and global
consistency with the design-by-treatment interaction
model.20 Japan and worldwide approved iDegLira and
iGlarLixi doses were analysed altogether. We also
conducted subgroup analyses according to patients’
mean baseline BMI < or ≥30 kg/m2, background basal
insulin treatment (with or without basal insulin as
background therapy), ethnicity (RCT conducted in
exclusively Asian population or not), and diabetes
duration < or ≥ 10 years. For all outcomes, we per-
formed sensitivity analyses restricted to trials at a low
risk of bias or excluding trials for which SDs were
imputed. An exploratory analysis of adverse events
(serious adverse events, any adverse event, cholelithi-
asis, pancreatitis, nausea, vomiting, diarrhoea, con-
stipation) was performed. All analyses were performed
using RStudio 2023.03.1 Build 446 (MacOS, Apple
Silicon version), R 4.3.0 (2023-04-21) and R packages
meta21 version 6.2.1 and netmeta22 version 2.8-2. We
assessed confidence in network meta-analysis esti-
mates using the CINeMA (Confidence In Network
Meta-Analysis) framework and online application.23

Role of the funding source
The funders had no role in study design, data collection,
data analyses, interpretation, or writing, but did provide
funding for publication.
Results
Study characteristics
A total of 40 trials, enrolling 26,490 patients, were
included in the systematic review and network meta-
analysis (Fig. 1). Eleven studies evaluated the efficacy
and safety of tirzepatide, four studies GLP-1RA plus
SGLT-2i combination therapy, three studies high-dose
GLP-1RA (two dulaglutide 3 and 4.5 mg; one semaglu-
tide 2 mg), and twenty-one trials GLP-1RA plus basal
insulin FRC (ten iDegLira; eleven iGlarLixi). The net-
works of trials used in the meta-analysis for evaluating
HbA1c, FPG, PPG, BW, LDL-c, SBP, DBP, and hypo-
glycaemia are shown in Fig. 2 and Supplementary
Appendix S11, S16, S21, S26, S31, S36 and S40. The
characteristics of studies and patients’ baseline features
are presented in Supplementary Appendix S2. The
median follow-up length of included studies was 26
(interquartile range [IQR] 26–40) weeks. Most studies
(n = 22) had a duration of 26 weeks or less with a me-
dian of 26 (IQR 24–26) weeks, whereas the remaining
18 studies had a median duration of 46 (IQR 34–52)
weeks. All but one trials were funded by the pharma-
ceutical industry. Across all trials, there was a median
(IQR) percentage of Asians and female individuals of
28% (3.2%–100%) and 45.3% (37.6–49.6%) respectively;
the median (IQR) baseline age was 57.1 (55.7–58.8)
years. The mean (SD) diabetes duration was 9.4 (2.5)
years. The median (IQR) HbA1c was 8.3% (8.1–8.5%).
Median (IQR) BMI was 31.6 (27.9–32.9) kg/m2. In 14
out of 40 trials, patients were overweight (mean baseline
BMI ≥25 kg/m2 and <30 kg/m2), while 26 out of 40
trials enrolled obese patients (mean baseline BMI
≥30 kg/m2). No RCT reported a mean BMI <25 kg/m2.
A substantial amount of heterogeneity was detected for
HbA1c, FPG, PPG, BW; moderate heterogeneity was
found for LDL-c, SBP, DBP and for risk of hypo-
glycaemia. Global inconsistency at design-by-treatment
interaction model was high for all outcomes, however
global inconsistency was generally low, except for BW
www.thelancet.com Vol 64 October, 2023
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Fig. 1: PRISMA flowchart for study selection.
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Basal insulin + SU
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Semaglutide 2 mg
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Tirzepatide 5 mg

Fig. 2:Meta-analysis networks for change in HbA1c level. Each circle indicates a treatment node, and its size is proportional to the number of
trials evaluating each treatment. Lines connecting two nodes represent direct comparisons between two treatments; the thickness of the lines is
proportional to the number of trials directly comparing the 2 connected treatments. BIAsp30, biphasic insulin aspart 30/70; GLP-1RA, glucagon-
like peptide-1 receptor agonists; SGLT-2i, sodium glucose cotransporter-2 inhibitors; SU, sulfonylurea.
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(Supplementary Appendix S3). Overall risk of bias for
the main outcome was deemed low for 30 trials and of
some concern for 10 trials (Supplementary Appendix
S4). Comparison-adjusted funnel plots did not suggest
the presence of publication bias for BW, LDL-c, SBP,
DBP and hypoglycaemia (Supplementary Appendix S5).
Evidence certainty was generally low for each of the
main comparisons and is summarised in dedicated
Tables for each outcome but DBP in the Supplementary
Appendix (S8, S13, S18, S23, S28, S33 and S40.5).

HbA1c
A total of 40 studies (26,490 patients) were included in
the main analysis evaluating the change from baseline
in HbA1c. Pairwise meta-analysis results are pre-
sented in Supplementary Appendix S6.1. Network
meta-analysis results are presented in Fig. 3a, Table 1
and Supplementary Appendix S7. All innovative GLP-
1RA-based treatment strategies significantly reduced
HbA1c compared to placebo. Tirzepatide 15 mg
ranked first in terms of HbA1c lowering efficacy (6
studies, 1320 patients, MD −2.00%, 95% CI
[−2.22; −1.78], high certainty). The HbA1c lowering
efficacy of tirzepatide 15 mg and 10 mg was compa-
rable (10 studies, 4553 patients, MD −0.14, 95% CI
[−0.31; 0.04], moderate certainty), while tirzepatide
15 mg was superior to tirzepatide 5 mg (9 studies,
3941 patients, MD −0.37%, 95% CI [−0.56; −0.18],
moderate certainty), iDegLira (MD −0.40%, 95% CI
[−0.66; −0.14], low certainty), iGlarLixi (MD −0.48%,
95% CI [−0.75; −0.21], low certainty), GLP-1RA plus
SGLT-2i combination (MD −0.69%, 95% CI
[−1.07; −0.30], low certainty), and high-dose GLP-1RA
(vs. semaglutide 2 mg MD −0.81%, 95% CI
[−1.40; −0.23], low certainty; vs. dulaglutide 4.5 mg
MD −0.89%, 95% CI [−1.31; −0.48], low certainty; vs.
dulaglutide 3 mg MD −1.00, 95% CI [−1.41; −0.59],
low certainty), as shown in Table 1. Tirzepatide 10 mg
was superior to all other treatments except tirzepatide
15 mg and iDegLira. The efficacy of tirzepatide 5 mg,
GLP-1RA plus SGLT-2i combination, semaglutide
2 mg, iDegLira and iGlarLixi was comparable, while
dulaglutide 4.5 mg and 3 mg was less effective
compared to tirzepatide and GLP-1RA plus basal in-
sulin FRC but still comparable to the rest of the above
treatments in reducing HbA1c. All the latest GLP-
1RA-based treatment strategies but high-dose GLP-
1RA were more efficacious than basal insulin, while
no significant difference was found with basal bolus
insulin therapy.

FPG and PPG
Change in FPG was reported in 38 studies (26,000 pa-
tients) while change in PPG was reported in 21 studies
(16,392 patients). Results of pairwise meta-analyses for
both outcomes are presented in Supplementary
Appendix S6.2 and S6.3. Network meta-analysis results
are presented in Fig. 3b and c and Supplementary
Appendix S12 and S17. All innovative GLP-1RA-based
treatment strategies significantly reduced FPG and PPG
compared to placebo. IGlarLixi ranked as the most effi-
cacious treatment in reducing FPG (MD −52.61 mg/dL,
95% CI [−62.10; −43.11], moderate certainty) and espe-
cially PPG (MD −79.37 mg/dL, 95% CI [−91.85; −66.89],
moderate certainty) (Fig. 3b and c). GLP-1RA plus basal
insulin FRC and tirzepatide 15 mg and 10 mg had
comparable effects on FPG and were superior to tirze-
patide 5 mg and high-dose GLP-1RA. No significant
difference was found among GLP-1RA plus SGLT-2i
combination and GLP-1RA plus basal insulin FRC and
all doses of tirzepatide, whereas tirzepatide 5 mg and
GLP-1RA plus SGLT-2i combination were superior to
most high-dose GLP-1RA (Supplementary Appendix
S12). The effect of iGlarLixi and GLP-1RA plus SGLT-2i
combination on PPG lowering was similar
(MD −17.70 mg/dL, 95% CI [−40.92; 5.51], low certainty).
IGlarLixi was superior to all other treatment strategies on
PPG reduction, while no significant differences were
detected between GLP-1RA plus SGLT-2i combination,
all doses of tirzepatide and iDegLira. GLP-1RA plus
SGLT-2i combination and tirzepatide 15 mg and 10 mg
were more efficacious than high-dose GLP-1RA (dula-
glutide 4.5 mg and 3 mg), while the effects of tirzepatide
5 mg and high-dose GLP-1RA were similar
(Supplementary Appendix S17).

Bodyweight
A total of 40 studies (26,490 patients) were included in
the main analysis for change in BW. Pairwise meta-
analysis results are presented in Supplementary
Appendix S6.4, while network meta-analysis results are
presented in Fig. 4 and Supplementary Appendix S22.
All doses of tirzepatide, GLP-1RA plus SGLT-2i combi-
nation and high-dose GLP-1RA significantly reduced
BW compared to placebo, while the two GLP-1RA plus
basal insulin FRC were neutral. Tirzepatide 15 mg
ranked first in terms of BW lowering (6 studies, 1320
patients, MD −10.08 kg, 95% CI [−10.45; −9.72], high
certainty) and was significantly more efficacious than all
other treatment strategies (Supplementary Appendix
S22). Tirzepatide 5 mg and GLP-1RA plus SGLT-2i
combination were equally efficacious (MD −0.02 kg,
95% CI [−0.71; 0.67], low certainty) and superior to high-
dose GLP-1RA, which in turn were superior to either
GLP-1RA plus basal insulin FRC.

Cardiovascular (CV) risk factors (LDL-c, SBP, DBP)
A total of 13 studies (9448 patients), 18 studies (12,711
patients) and 16 studies (12,237 patients) were included
in the main analyses for change in LDL-c, SBP and DBP,
respectively. Pairwise meta-analyses and network meta-
analysis results are presented in Supplementary
Appendix. IDegLira and all doses of tirzepatide equally
ranked first in terms of LDL-c lowering compared to
www.thelancet.com Vol 64 October, 2023
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Fig. 3: Network meta-analysis results for change from baseline in a. HbA1c, b. fasting plasma glucose (FPG), and c. post-prandial glucose
(PPG) compared with placebo. Treatments are presented according to their effect estimate compared with placebo. Effect sizes are presented
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−0.60 [−1.02; 
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3 mg
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The lower half presents network meta-analysis results, while the upper half presents pairwise meta-analysis results. Main treatments are reported in efficacy ranking order. Treatment estimates are
expressed as mean difference and 95% confidence intervals of the column-defining treatment compared with the row-defining treatment for change from baseline in HbA1c. Mean differences lower than
0 favor the column-defining treatment for network meta-analysis and the row-defining treatment for pairwise meta-analysis. Significant results are in bold. GLP-1RA, glucagon-like peptide-1 receptor
agonists; SGLT2i, sodium glucose cotransporter-2 inhibitors.

Table 1: Change from baseline in HbA1c for all treatments in the main analysis.
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placebo, while the effect of GLP-1RA plus SGLT-2i
combination and high-dose GLP-1RA on this param-
eter was neutral. However, no significant difference
among new GLP-1RA-based treatment strategies on
LDL-c was detected (Supplementary Appendix S27.2).

GLP-1RA plus SGLT-2i combination ranked first in
SBP lowering compared to placebo, followed by all doses
of tirzepatide; the effect of iDegLira and high-dose GLP-
1RA was neutral. No significant difference among new
GLP-1RA-based treatment strategies was detected,
except for the superiority of GLP-1RA plus SGLT-2i
combination and tirzepatide 15 mg on iDegLira and
GLP-1RA plus SGLT-2i combination on semaglutide
2 mg and dulaglutide 3 mg (Supplementary Appendix
S32.2). In regard to DBP reduction, all doses of tirze-
patide were superior to placebo, while other treatment
strategies were neutral. The effect of all doses of tirze-
patide on DBP was superior to that of iDegLira; other
new GLP-1RA-based treatment streategies were com-
parable to each other in reducing DBP (Supplementary
Appendix S37.1).

Adverse events
A total of 25 studies (15,503 patients) reported change
in hypoglycaemia. Pairwise meta-analysis results are
presented in Supplementary Appendix S6.8, and
network meta-analysis results are presented in Fig. 5
as mean difference (MD) and 95% confidence intervals (CI). New GLP-1RA
SGLT-2i and GLP-1RA compounds and doses in included studies are descr
30/70; GLP-1 RA, glucagon-like peptide-1 receptor agonists; SGLT-2i, sod
and Supplementary Appendix S40.4. Innovative GLP-
1RA-based treatment strategies had a neutral effect
on the risk of hypoglycaemia compared to placebo,
except for iGlarLixi and iDegLira, which were associ-
ated with an increased risk of hypoglycaemia (OR 5.47,
95% CI [2.8; 10.68], high certainty; OR 4.79, 95% CI
[1.85; 12.41], high certainty). No significant difference
was found between semaglutide 2 mg, dulaglutide
3 mg and GLP-1RA plus SGLT-2i combination, while
semaglutide 2 mg could be associated with a reduction
in the risk of hypoglycaemia compared to dulaglutide
4.5 mg (OR 0.15, 95% CI [0.03; 0.77], moderate cer-
tainty) and tirzepatide 5 mg (OR 0.37, 95% CI [0.15;
0.91], low certainty), 10 mg (OR 0.32, 95% CI [0.13;
0.79], low certainty) and 15 mg (OR 0.29, 95% CI [0.12;
0.71], high certainty) (Supplementary Appendix S40.4).
No significant difference in serious adverse events was
found in patients on GLP-1RA-based treatment strate-
gies compared to placebo (Supplementary Appendix
S40.2). A similar rate of any adverse events occurred
in GLP-1RA-based treatment strategies, with tirzepa-
tide, high-dose GLP-1RA and GLP-1RA plus SGLT-2i
combination displaying a similar risk of common
gastrointestinal side effects, while treatment with GLP-
1RA plus basal insulin FRC, particularly iDegLira,
exhibited a lower risk of nausea, vomiting, diarrhoea
and constipation (Supplementary Appendix S40). Due
-based treatments are highlighted in black, other treatments in grey.
ibed in Supplementary Appendix S2. BIAsp30, biphasic insulin aspart
ium glucose cotransporter-2 inhibitors; SU, sulfonylurea.
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Fig. 4: Network meta-analysis results for change from baseline in bodyweight (BW) compared with placebo. Treatments are presented
according to their effect estimate compared with placebo. Effect sizes are presented as mean difference (MD) and 95% confidence intervals (CI).
New GLP-1RA-based treatments are highlighted in black, other treatments in grey. BIAsp30, biphasic insulin aspart 30/70; GLP-1 RA, glucagon-
like peptide-1 receptor agonists; SGLT-2i, sodium glucose cotransporter-2 inhibitors; SU, sulfonylurea.

Fig. 5: Network meta-analysis results for hypoglycaemia compared with placebo. Treatments are presented according to their effect es-
timate compared with placebo. Effect sizes are presented as odds ratio (OR) and 95% confidence intervals (CI). New GLP-1RA-based treatments
are highlighted in black, other treatments in grey. BIAsp30, biphasic insulin aspart 30/70; GLP-1 RA, glucagon-like peptide-1 receptor agonists;
SGLT-2i, sodium glucose cotransporter-2 inhibitors; SU, sulfonylurea.
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to the exiguous number of events detected throughout
included studies, any comparison regarding pancrea-
titis and cholelithiasis was unfeasible.

Subgroup and sensitivity analyses
Sensitivity analyses including only trials at low risk of
bias or excluding trials with imputed SD yielded similar
results to those of the main analysis for all prespecified
outcomes (Supplementary Appendix S10, S15, S20, S25,
S30, S35, S39) except for risk of hypoglycaemia
(Supplementary Appendix S40.7), according to which all
innovative GLP-1RA-based treatment strategies yielded
a neutral effect on the risk of hypoglycaemia compared
to placebo, with the exception of a plausible increased
risk of hypoglycaemia with iGlarLixi.

The ranking in HbA1c lowering yielded by the main
analysis was mostly confirmed, regardless of baseline
BMI and patients’ ethnicity (Supplementary Appendix
S9). However, in patients with a diabetes duration
greater than 10 years, all doses of tirzepatide were
numerically outranked by iDegLira and iGlarLixi, yet no
significant differences among treatments were detected
(Supplementary Appendix S9). The subgroup analysis
for FPG lowering according to BMI showed that in trials
with baseline BMI <30 kg/m2, tirzepatide outranked
iGlarLixi in efficacy, probably due to the lower doses of
basal insulin, and consequently GLP-1RA, required in
these individuals. The same pattern emerged in studies
conducted in an exclusively Asian population, with a
lower mean baseline BMI (Supplementary Appendix
S14).

The ranking of the main analysis for the effect on
PPG, BW, CV risk factors and risk of hypoglycaemia
was mostly confirmed, regardless of baseline BMI, dia-
betes duration and whether or not trials were conducted
in an exclusively Asian population (Supplementary
Appendix S19, S24, S29, S34, S38, S40.6).
Discussion
Tirzepatide, GLP-1RA plus basal insulin FRC, GLP-1RA
plus SGLT-2i combination and high-dose GLP-1RA are
all innovative GLP-1RA-based therapeutic strategies lis-
ted among those with the highest glucose-lowering ef-
ficacy according to various RCT and the current ADA/
EASD recommendations. Our network meta-analysis
found that tirzepatide 15 mg yielded greater HbA1c
and BW lowering efficacy compared to other GLP-1RA-
based treatments, without increasing the risk of serious
adverse events and hypoglycaemia and with a similar
rate of gastrointestinal side effects to high-dose GLP-
1RA and GLP-1RA plus SGLT-2i combination. More-
over, GLP-1RA plus basal insulin FRC and tirzepatide
15 mg and 10 mg were superior to the other investigated
treatments in terms of FPG lowering, while iGlarLixi
appeared as the most efficacious in PPG lowering, fol-
lowed by GLP-1RA plus SGLT-2i combination and
tirzepatide 15 mg. No significant differences among
these GLP-1RA-based treatments were detected in terms
of LDL-c and SBP lowering.

The present network meta-analysis provides results
that are largely coherent with existing literature. Indeed,
RCT conducted so far demonstrated a dose-dependent
and unprecedented benefit in HbA1c lowering with
tirzepatide compared not only to placebo but also to
basal insulin and semaglutide, attaining normoglycae-
mia in approximately half of enrolled patients.5,11 Also,
the paramount role of tirzepatide as the most efficacious
treatment strategy for weight loss regardless of baseline
BMI is coherent with its outstanding performance in
RCT conducted in patients with type 2 diabetes24–28 and
non-diabetic obese individuals.29 The mechanism un-
derlying the therapeutic efficacy of tirzepatide is yet to
be fully elucidated. Heise et al. recently found that tir-
zepatide improved peripheral insulin sensitivity,
enhanced insulin secretion and reduced post-meal
glucagon levels compared to placebo and semaglutide
1 mg.30 However, these experiments did not address the
relative contribution of weight loss and GIP receptor
agonism to the superiority of tirzepatide over the GLP-
1RA. The role of GIP receptor agonism remains an
unresolved issue in the light of the resistance to GIP
effects that was shown in patients with type 2 diabetes.31

Indeed, sustained >10% weight loss has been associated
with a greater likelihood of achieving normoglycaemia,32

especially in patients with shorter disease duration.33

Our analysis showed that GLP-1RA plus basal insu-
lin FRC numerically outranked tirzepatide 15 mg in
patients with baseline diabetes duration above 10 years,
in agreement with previous findings indicating that
longer disease duration may be associated with the need
for insulin replacement.34,35 Awaiting evidence from
dedicated ongoing trials (eg, NCT05433584), these
findings suggest that tirzepatide could be preferentially
considered for the management of early stages of type 2
diabetes, to exploit its unparalleled weight-lowering ef-
fect that could be beneficial for restoring insulin secre-
tory function, whereas GLP-1RA plus basal insulin FRC
could be considered as an equally efficacious option in
patients with longer disease duration.

Despite figuring as the best choice for HbA1c
lowering, tirzepatide was outranked by iGlarLixi as the
best option for PPG lowering. The short-acting GLP-
1RA lixisenatide is traditionally regarded as particularly
beneficial in reducing PPG excursions, mainly due to its
persisting inhibition of gastric emptying, complement-
ing the typical GLP-1RA-mediated modulation of insu-
lin and glucagon secretion.36 GLP-1RA plus SGLT-2i
combination also exhibited a strong PPG reduction,
comparable to the effect of tirzepatide (Supplementary
Appendix S17). SGLT-2i induce both FPG and PPG
lowering by augmenting renal glucose excretion, and
the combination with GLP-1RA probably enhances their
effect on glucose excursions by counteracting the SGLT-
www.thelancet.com Vol 64 October, 2023
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2i-mediated increase in glucagon levels and related
glucoregulatory effects in a sub-additive fashion.37

However, it should be noted that PPG measurement
was heterogeneous among trials, being evaluated
following a standard meal test or as a mean of post-
prandial values from SMBG profiles; also, the certainty
of evidence for this outcome appears to be generally low
to very low, except for comparisons involving iGlarLixi.

The few significant differences among GLP-1RA-
based treatment strategies on CV risk factors should
be interpreted with caution given that not all included
trials reported data on these outcomes and none of
them was powered to appreciate differences between
treatments. However, certainty of evidence for change
from baseline in LDL-c was mostly moderate. Existing
literature attributed a modest benefit to tirzepatide38,39

and GLP-1RA plus basal insulin FRC40,41 on BP and
LDL-c, while GLP-1RA plus SGLT-2i combination was
beneficial only on BP with a neutral effect on LDL-
c,42,43 with yet hypothetical mechanisms. The broader
CV protection of the above agents has not been as
extensively investigated as that of GLP-1RA and
SGLT-2i. A prespecified meta-analysis of seven RCTs
from the SURPASS program showed that treatment
with all doses of tirzepatide for up to 104 weeks did
not increase the risk of major CV events and actually
showed a trend for reduction with respect to com-
parators.44 No CV outcomes RCTs are planned for
GLP-1RA plus SGLT-2i combination and GLP-1RA
plus basal insulin FRC. Real-world evidence high-
lighted that GLP-1RA plus SGLT-2i combination was
associated with a reduced risk of major adverse car-
diovascular and cerebrovascular events in patients
with type 2 diabetes in primary prevention compared
to other regimens.13 Data on the CV safety of GLP-
1RA plus basal insulin FRC as a class are lacking,
while a retrospective study directly comparing iGlar-
Lixi and iDegLira showed a lower risk of myocardial
infarction, stroke and heart failure in patients using
iGlarLixi.45

The results of our study can be easily translated to
clinical practice, as we chose to compare treatment
strategies featuring among the glucose-lowering options
with greatest efficacy currently available for everyday use
using a rigorous methodology. Our results are consis-
tent with previous attempts of indirect comparisons,
such as the analyses comparing tirzepatide and sem-
aglutide 2 mg46 and iDegLira and iGlarLixi.47 Given the
possibility of a weakened effect for some of the inves-
tigated treatments over time,48 only studies with a
limited follow-up duration of up to 1 year following end
of titration were included. Also, when investigating
GLP-1RA plus SGLT-2i combination, we included only
trials evaluating initial combination rather than add-on
schemes to avoid biases related to patients non-
responsive to either one of the two drugs; indeed,
studies involving add-on strategies include only patients
www.thelancet.com Vol 64 October, 2023
not reaching glycaemic targets with one of the investi-
gated compounds.

However, our study had some limitations. Since the
investigated treatment strategies have all been imple-
mented in recent years, a relatively low number of
studies was included in this analysis, probably ac-
counting for the high levels of heterogeneity and global
inconsistency for the main outcomes and consequently
a generally low level of certainty. Specifically, a very low
number of studies investigated high-dose GLP-1RA and
GLP-1RA plus SGLT-2i combinations. However, to our
knowledge, the present analysis is timely as there are no
currently ongoing trials aiming to compare these GLP-
1RA-based therapeutic strategies. Moreover, included
studies investigating GLP-1RA plus SGLT-2i combina-
tion were not conducted with dulaglutide, subcutaneous
semaglutide and oral semaglutide, which represent the
most efficacious GLP-1RA now available, possibly lead-
ing to underestimate the effects of this treatment strat-
egy. However, relevant results achieved with this
treatment strategy were described in SUSTAIN-9,
investigating the effect of semaglutide 1 mg in addi-
tion to SGLT-2i monotherapy, with 56.1% of patients
reaching HbA1c <6.5%, a result roughly inferior to what
was observed with all doses of tirzepatide across the
SURPASS program.49

Further trials are awaited to confirm the differences
described in the present network meta-analysis, specif-
ically investigating whether GLP-1RA-based treatments
could differ in their effects on HbA1c, FPG and PPG
considering patients’ characteristics, such as diabetes
duration and using homogeneous assessment methods.
The mechanisms underlying the glycaemic and weight-
lowering efficacy of tirzepatide are yet to be fully eluci-
dated, particularly the role of GIP on glucose excursions
and weight loss. The mechanisms of the benefit of the
GLP-1RA plus SGLT-2i combination on blood pressure
are also still unclear, and the effect on hard CV end-
points should be addressed in comparison to other GLP-
1RA-based treatment strategies.

The exploitation of different mechanisms of action in
the dual GIP/GLP-1 agonist tirzepatide, GLP-1RA plus
basal insulin FRC and GLP-1RA plus SGLT-2i combi-
nation was associated with a generally greater gluco-
metabolic benefit compared to high-dose GLP-1RA,
likely due to tackling of multiple pathophysiological
defects of type 2 diabetes. Aiming to support clinicians
in tailoring treatment to patients’ needs, the results of
this analysis suggest a hierarchy among treatment
strategies considered as the best options for type 2 dia-
betes management.
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